Background/Aims. Jiawei Fengshining (JWFSN) is a new formula originated from Fengshining, a classic formula for the treatment of rheumatoid arthritis (RA). The mechanism of JWFSN in the treatment of RA is still unclear. The aim of this study was to evaluate the effect of JWFSN formula on the inflammatory mediator levels in the serum and the TGF-β1/Smad pathway in the synovium and to explore the underlying mechanisms of JWFSN formula to ameliorate synovial hyperplasia and apoptosis inhibition of synovium in rats with RA. Method. SPF female Wistar rats were randomly divided into 6 groups: the blank control group, the model control group, the positive drug group, and the low-, medium-, and high-dose JWFSN groups, with 8 rats in each group. Enzyme-linked immunosorbent assay (ELISA) was used to detect inflammatory mediators, anti-inflammatory mediators, and rheumatoid factor (RF). The pathological condition and apoptosis of the synovial tissue were detected by hematoxylin and eosin (HE) and TUNEL staining, respectively. TGF-β1, p-Smad2, p-Smad3, and Smad7 protein expressions in synovial tissue were measured by western blot assay. In addition, human rheumatoid arthritis fibroblast-like synoviocytes cell line MH7A was treated with 20% JWFSN-containing serum to obtain in vitro data. Result. The administration of JWFSN was found to ameliorate synovial hyperplasia and promote apoptosis; increase the serum contents of anti-inflammatory mediators; reduce inflammatory mediators and RF contents; and inhibit the TGF-β1/Smad signaling pathway in CIA rats. In vitro JWFSN treatment increased the apoptosis of MH7A cells and decreased cell viability. Additionally, JWFSN treatment inhibited the TGF-β1/Smad signaling pathway in MH7A cells. Interestingly, kartogenin (TGF-β1/Smad pathway activator) treament reversed the effects of JWFSN treatment. Conclusion. JWFSN may ameliorate inflammatory factors' abnormality, synovial hyperplasia, and apoptosis inhibition of synovium via the TGF-β1/Smad signaling pathway.
Introduction
Rheumatoid arthritis (RA) is an inflammatory autoimmune disease. RA is distinguished by chronic synovitis of joints and is known to have the following pathological characteristics: synovial hyperplasia, inflammatory cell infiltration, pannus production, and damage of bones and cartilages, which finally lead to the destruction and lack of function of a whole joint [1] . This disease lasts for a long time and can also affect other organs, such as the heart, lungs, and kidney [2] . In industrialized countries, rheumatoid arthritis affects 0.5-1.0% of adults [3] . The pathogeny of RA has not yet been fully elucidated by previous researchers. However, it may be related to factors such as genetics and immune regulation [4] [5] [6] . The treatment of RA involves a combination of patient education, rest and exercise, joint protection, medications, and surgery [7] . For pharmacologic treatment, nonsteroidal anti-inflammatory drugs (NSAIDs), disease-modifying antirheumatic drugs (DMARDs), and steroid and biological response modifiers are commonly used to reduce joint pain or slow disease progression [8] . However, the application of these treatments has been limited due to the high incidence of side effects [9] . Thus, there is an urgent need to conduct further studies for novel therapies.
Materials and Methods

Preparation of JWFSN.
The JWFSN is an aqueous preparation from 19 medicinal herbs: Notopterygium incisum 18 g, Radix Angelicae Biseratae 18 g, Caulis Sinomenii 15 g, Rhizoma Wenyujin Concisum 15 g, Rehmannia glutinosa 15 g, clematis chinensis Osbeck 12 g, Saposhnikovia divaricata 12 g, Ephedra sinica 12 g, Corydalis yanhusuo 12 g, Cyathula officinalis 12 g, Curcuma zedoaria 9 g, Rhizoma Sparganii 9 g, Ligusticum chuanxiong 9 g, Zingiber officinale 9 g, Glycyrrhiza uralensis 6 g, Cinnamomum cassia 6 g, Amomum villosum 6 g, Periploca forrestii Schltr 15 g, and Gaultheria leucocarpa var. yunnanensis 15 g. These samples were purchased from Tongrentang Pharmacy in Chengdu, Sichuan province. The raw medicinal herbs were immersed in eight-time volumes of distilled water for 30 min and then boiled for 50 min. Thereafter, five-time volumes of distilled water were added into the residue and decocted twice for 25 min. All the collected supernatants were filtered through 8 layers of gauze, condensed into an extractum by rotary evaporators.
CIA Rat Model.
The CIA rat model has many similarities with the symptoms in human rheumatoid arthritis and is therefore widely used in RA-related in vivo studies [18] . Female Wistar rats (n � 48, weighing 190 g to 230 g) were provided by Chengdu Dashuo Experimental Animal Co., Ltd. Rats were allowed to acclimatize for at least one week before the experiment started. Bovine type II collagen (Chondrex, USA) was emulsified in complete Freund adjuvant (Sigma, USA) with the ratio of 1 : 1 to obtain a collagen emulsion. 0.2 ml of collagen emulsion was injected into the rat-tail root. Rats in the control group were injected with an equal volume of saline. At day 7, another 0.2 ml of collagen emulsion was injected into the rat-tail root avoiding the original pinholes. Rats in the control group were again injected with equal volume saline [18] . Oral treatment with JWFSN and leflunomide was started after arthritis induction and kept for 28 days. Animals were housed and acclimatized under standard rat chow diet and tap water under climate-controlled conditions (25°C, 55% humidity, 12°h light/12°h darkness). All procedures followed were in accordance with the ethical standards of Chengdu University of Traditional Chinese Medicine Animal Care and Use Committee guidelines. The study protocol was approved by the Animal Experimental Ethical Panel of Chengdu University of Traditional Chinese Medicine.
Drug Administration Strategy.
All the experimental rats were randomly divided into 6 groups, with 8 rats in each group. Group I: the blank control group, receiving saline treatment; group II: the model control group, suffering CIA and received no treatment; group III: the positive drug group, where CIA rats were treated with 2.33 mg/kg leflunomide (Huitian Bio-Pharma Co., Ltd., Fujian, China); group IV: the low-dose JWFSN group, where CIA rats were treated with 9.12 g/kg JWFSN; group V: the medium-dose JWFSN group, where CIA rats were treated with 18.24 g/kg JWFSN, and group VI: the high-dose JWFSN group, where CIA rats were treated with 36.48 g/kg JWFSN.
Preparation of JWFSN-Containing Serum.
Rats were divided into two groups: negative control group and JWFSN treament group, with 10 rats in each group. Rats in the JWFSN treament group were treated with 182.4 g/kg/d JWFSN for 3 days. Rats in the negative control group were treated with an equivalent volume of normal saline (NS). After 3 days of treatment, blood was collected from the eyeball and centrifuged to gain the serum. Then, the serum was disinfected using the 0.22 μm filter membrane and inactivated at 56°C for 30 min, and finally stored in the ultralow temperature freezer (Thermo, USA). (Wuhan, China). MH7A cells were cultured in the DMEM/high glucose medium (Hyclone, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, USA) and 1% penicillin/streptomycin (Sigma, USA). Cells were incubated in the cell incubator (Thermo, USA) at 37°C under 5% CO 2 .
Cells were divided into 4 groups. The blank control cells (BC) were cultured as normal. The negative control cells (NC) were cultured in the medium containing 20% normal serum. The JWFSN-treament cells (JWFSN) were cultured in the medium with 20% JWFSN-containing serum. The kartogenin + JWFSN treament cells (KGN + JWFSN) were pretreated using 10 − 6 M kartogenin [19] for 2 h and then cultured in the medium with 20% JWFSN-containing serum.
Enzyme-Linked Immunosorbent Assay (ELISA).
The rat serum rheumatoid factor (RF), interferon-c (IFN-c), interleukin-1β (IL-1β), interleukin-4 (IL-4), interleukin-10 (IL-10), and tumor necrosis factor-α (TNF-α) were measured using ELISA kits (Jianglai Biological Co., Ltd., Shanghai, China).
Histopathologic Examination.
Rats were sacrificed at day 28 after arthritis induction. The synovial tissues of ankle and knee joints were taken out immediately and fixed with 4% paraformaldehyde for 3 d, decalcified with 5% formic acid, and 5 μm thick paraffin sections were prepared. The pathological changes of tissues were observed under light microscope following hematoxylin and eosin (HE) staining. The apoptotic cells were stained using a TUNEL assay kit (Roche Applied Science, Germany). Images were captured with a microscope (Olympus Corporation, Japan).
Western Blot Assay.
Protein was extracted from the synovial tissues and MH7A cells using a protein extraction kit (Boster, Wuhan, China) and quantified with the BCA kit (Thermo Fisher Scientific, USA). Equal amounts of protein were mixed with the loading buffer, boiled for 15 min at 95°C, and loaded into a 10% SDS-PAGE gel. After resolving the proteins by SDS-PAGE, the bands were transferred to PVDF membranes. Then, they were blocked for 1 h with 5% skimmed milk powder at room temperature and incubated overnight with primary antibodies against p-Smad2 (ab53100, Abcam, UK), p-Smad3 (ab63403, Abcam, UK), Smad7(ab216428, Abcam, UK), TGF-β1 (ab92486, Abcam, UK), and β-actin (ab8226, Abcam, UK). The blots were washed and incubated with goat anti-rabbit IgG H&L (ab205718, Abcam, UK) secondary antibody. The protein bands were visualized using an ECL chemiluminescence kit (EMD Millipore, Germany) and quantified using ImageProPlus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA).
2.9.
Immunohistochemistry. Paraffin-embedded synovial tissue sections were dewaxed through an ethanol gradient and incubated with 3% hydrogen peroxide in methanol for 10 min at room temperature to quench endogenous peroxidases and then boiled in 0.01 M sodium citrate buffer (pH � 6) for antigen retrieval, washed with PBS, and blocked with 10% normal goat serum (Thermo Fisher Scientific, USA) for 20 min at 37°C. The sections were incubated overnight with primary antibodies against XIAP (ab2541, Abcam, UK), Bcl-2 (ab59348, Abcam, UK), and Bax (ab32503, Abcam, UK) at 4°C and then incubated with the goat anti-rabbit IgG H&L (HRP polymer) (ab 214880, Abcam, UK) secondary antibody for 30 min at 37°C. After immersing in DAB (Wuhan Bioswamp Biological Co., Ltd., China) for coloration, the sections were rinsed with distilled water, counterstained with hematoxylin, dehydrated, and mounted. The stained sections were observed under a microscope (Olympus Corporation, Japan). The integrated optical density (IOD) was quantified using Image-ProPlus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA), and the mean optical density (MOD) of each sample was calculated.
Cell Proliferation Assay.
Cell Counting Kit-8 (CCK-8) (Dojindo, Japan) assay was used to measure cell proliferation. MH7A cells in the logarithmic phase of growth were seeded into 96-well plates (6 × 10 3 /well). Cells were incubated with 10% CCK-8 solution for 1 h, and the absorbance of cells at 450 nm was measured using a microplate reader after incubation. 
Statistical Analysis.
Statistical analyses were performed using SPSS 20.0 software (IBM Corp., USA). Data were presented as the mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used to compare differences among multiple groups, followed by LSD's post hoc test. P values <0.05 were considered statistically significant. Figure 1 , there was hardly any swelling in the control group. However, joint swelling was observed clearly in the model group. The level of joint swelling was alleviated in JWFSN and leflunomide treatment rats compared with the model group.
Results
JWFSN Alleviated Joint Swelling in RA Rats. As shown in
JWFSN Restored Abnormal Changes of Inflammatory Mediators, Anti-Inflammatory Mediators, and Rheumatoid
Factor in Serum. To observe the effect of JWFSN on production of inflammatory mediators, anti-inflammatory mediators, and rheumatoid factor, we examined the expression levels of INF-c, IL-1β, TNF-α, IL-4, IL-10, and RF in serum of CIA rats. As shown in Figure 2 , the levels of INFc, IL-1β, TNF-α, and RF in the model group was significantly higher than those in the control group. However, compared with those in the model group, the levels of the abovementioned inflammatory mediators and RF were significantly decreased in the JWFSN-high, positive drug, and JWFSN-medium groups. The levels of IL-4 and IL-10 in the model group were significantly lower than those in the control group. Compared with those in the model group, the levels of the abovementioned anti-inflammatory mediators were significantly increased in the JWFSN-high, positive drug, and JWFSN-medium groups.
JWFSN Restored Pathological Changes in Synovial Tissue.
Pathological changes in the synovial tissue were measured with HE staining (Figure 3(a) ). Compared with the control and positive drug groups, the model group had inflammatory cell infiltration in the synovium as well as synovial hyperplasia. Each dose of JWFSN treatment groups improved inflammatory cell infiltration and synovial hyperplasia in a dose-dependent manner. Apoptotic cells were detected by TUNEL staining (Figure 3(b) ). The TUNELpositive cells were observed in the JWFSN-low, JWFSNmedium, JWFSN-high, and positive drug groups, and almost no TUNEL-positive cells were observed in the control and model groups.
The results of apoptotic rate in synovial tissues of ankle and knee joints indicated that there was no significant difference between the control and model groups. The apoptotic rate of JWFSN-low, JWFSN-medium, and JWFSNhigh and positive drug groups were increased compared with model group (Figure 4) .
These results indicated that JWFSN could improve synovial hyperplasia and promote apoptosis of synovial tissues in CIA rats. 
JWFSN Increased Bax and
JWFSN Inhibited the Activiation of TGF-β1/Smad
Pathway in Synovial Tissue. As shown in Figure 7 , compared with the control group, the expression levels of TGF-β1, p-Smad2, and p-Smad3 in synovial tissue of ankle joint and knee joint in the model group were significantly increased, and the expression level of Smad7 was significantly decreased. Compared with model group, TGF-β1, p-Smad2, and p-Smad3 levels of ankle joint and knee joint synovial tissue of JWFSN-high and positive drug groups were significantly decreased, and the expression level of Smad7 was significantly increased. This result indicated that the TGF-β1/Smad signaling pathway was overactivated in RA rats, and the high concentration of JWFSN could reverse.
Pathway in MH7A Cells. To further testify the signal transduction pathway of JWFSN, western blot assay was performed to detect the expression of TGF-β1, p-Smad2, p-Smad3, and Smad7 in MH7A cells. As shown in Figure 8 , there was no difference in the expression levels of TGF-β1, p-Smad2, p-Smad3, and Smad7 between the blank control group and the negative control group. Compared with the negative control group, the expression of TGF-β1, p-Smad2, and p-Smad3 in the JWFSN treatment group was significantly decreased, and the expression level of Smad7 was significantly increased. However, after pretreatment with KGN, the expression of TGF-β1, p-Smad2, and, p-Smad3 in The results were presented as the mean ± standard deviation. # P < 0.05 and ## P < 0.01, compared with the control group. * P < 0.05 and * * P < 0.01, compared with the model group. Control: the control group; model: the model group; positive: the positive drug group; low: the low-dose JWFSN group; medium: the medium-dose JWFSN group; high: the high-dose JWFSN group. the KGN + JWFSN treatment group was significantly increased, and Smad7 was significantly decreased. This result indicated that JWFSN could inhibit the activation of TGF-β1/Smad signaling pathway, while KGN treatment reversed the effects of JWFSN.
JWFSN Inhibited Cell Viability and Promoted Apoptosis in MH7A Cells while KGN Reversed These Effects.
To further investigate the effect of JWFSN on MH7A cells, CCK8 and FCM assays were performed. As shown in Figure 9 , there was no difference in the cell viability and apoptosis between the blank control group and the negative control group. Compared with the negative control group, cell viability of the JWFSN treatment group was decreased, and apoptosis of the JWFSN treatment group was increased. After pretreatment with KGN, cell viability was increased, while apoptosis was decreased in MH7A. These data indicated that JWFSN could inhibit cell viability and promote apoptosis in MH7A cells via TGF-β1/Smad pathway. 
Discussion
TCM-based therapies for RA are popular in China [18] . In this study, we investigated the effects of JWFSN on the pathogenesis of rheumatoid arthritis. JWFSN alleviated systemic inflammation, synovial hyperplasia, and apoptosis inhibition caused by CIA. The majority of features of CIA pathogenesis were alleviated by treatment with a high dose of JWFSN. This is the first study to report that JWFSN alleviates RA symptoms in the CIA rats. The release of proinflammatory factors and the inhibition of anti-inflammatory factors are important characteristics of rheumatoid arthritis. Studies have found that TNF-α, IFN-c, and IL-1β are significantly elevated in the peripheral blood of patients with RA [20] [21] [22] . IL-4 and IL-10 reduce joint synovial inflammation by inhibiting proinflammatory factors [23, 24] . The ELISA results of this experiment showed that the levels of serum IL-1β and TNF-α in the model group were significantly higher than those in the control group, while the levels of serum IL-4 and IL10 were significantly lower than those in the control group. The anti-inflammatory factors IL-4 and IL10 are inhibited by the increased inflammatory factors IFN-c, IL-1β, and TNF-α, which proved that the CIA model prepared during the experiment was successful. Rats were given JWFSN decoction for 28 days, inhibited the expression of inflammatory factors IL-1β and TNF-α, and increased the expression of anti-inflammatory factors IL-4 and IL-10. The effect of rheumatism in the JWFSN-middle and JWFSNhigh dose groups is particularly obvious, suggesting that the therapeutic effect of JWFSN on CIA rats may be through direct or indirect reduction of TNF-α, IFN-c, and IL-1β expression and improve IL-4 and IL-10. It may be one of the mechanisms of rheumatoid arthritis in the treatment of rheumatoid arthritis.
Concerning H&E and TUNEL staining experiments, we found that the synovial tissues were improved inflammatory cell infiltration and synovial hyperplasia in CIA rats following JWFSN administration. Moreover, the administration of JWFSN also promoted synovial cells from apoptosis.
These results indicated that JWFSN could alleviate the damage of ankle and knee joins synovial tissues. The Bcl-2 family proteins are critical regulators of the mitochondrial apoptotic pathway [25] . An increase in Bax levels or a decrease in Bcl-2 levels can trigger signals to initiate the apoptotic cascade [26] . Compared with osteoarthritis patients (OA), proapoptotic Bax was shown to be decreased, and antiapoptotic Bcl-2 was increased in FLS from RA patients [27] . Moreover, a decrease in the Bcl-2/Bax ratio has been demonstrated to promote apoptosis [28] . XIAP is an inhibitor of apoptosis protein that binds to the apoptotic promoter Caspase 9 and the effector Caspase 3 and 7 [29] . A previous study had shown that resistance to apoptosis in RA-FLS depends on the upregulation of XIAP [30] . IHC for XIAP, Bcl-2, and Bax of ankle and knee joins synovial tissues indicated that the expressions of Bcl-2 and XIAP were decreased and the expression of Bax was increased, resulting in a declined Bcl-2/Bax ratio in CIA rats following JWFSN administration. It is suggested that JWFSN promoted the apoptosis of synovial cells from CIA rats.
It is well accepted that TGF-β1 is mediated through both TGF-βR1 and TGF-βR2 receptors to induce phosphorylation of Smad2 and Smad3 [31] [32] [33] [34] . Moreover, TGF-β1 can induce Smad7 expression, an inhibitory Smad family member, to negatively regulate TGF-β/Smad signaling pathway via a feedback regulation [35, 36] . Xu et al. found that abnormal activation of TGF-β causes articular subchondral bone destruction in the rheumatoid arthritis rat/ mouse models, and conditional deletion of TGF-βR2 in nestin-positive cells effectively halted progression of RA joint damage [37] . Zhou et al. indicated that deletion of Smad7 promotes inflammation of rheumatoid arthritis [13] . Conversely, overexpression of Smad7 in the joint improves rheumatoid arthritis [38] . The western blot result showed that the expressions of TGF-β1, p-Smad2, and p-Smad3 were decreased, and the expression of Smad7 was increased in CIA rats following JWFSN administration. Additionally, JWFSN inhibited TGF-β1/Smad signaling pathway activity, decreased cell viability, and promoted apoptosis in MH7A cells. Interestingly, KGN reversed the effects of JWFSN treatment. These results showed that TGF-β1/Smad signaling pathway might be a target for the treatment of rheumatoid arthritis by JWFSN.
At the present study, we investigated the effects and the possible mechanism of JWFSN on CIA rats, with a focus on the TGF-β1/Smad pathway. We found that JWFSN ameliorate synovial hyperplasia and apoptosis inhibition. These effects might be associated with downregulation of TGF-β1, p-Smad2, and p-Smad3, and upregulation of Smad7. Relative protein level * * * * * * * * Figure 8 : The effect of JWFSN on the expression of TGF-β1, p-Smad2, p-Smad3, and Smad7 in MH7A cells. BC: the blank control group; NC: the negative control group; JWFSN: the JWFSN treament group; KGN + JWFSN: the kartogenin + JWFSN treament group. * * P < 0.01, compared with NC. # P < 0.05 and ## P < 0.01, compared with JWFSN.
Conclusion
Our results demonstrated that JWFSN inhibited synovial hyperplasia and promoted apoptosis via TGF-β1/Smad signaling pathway in RA. This result provides a theoretical basis for the treatment of RA by JWFSN.
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